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*,  TEX  SQUATIOES  07  M0VZIJ2STS  FOB  DOST  PABTIOXES 

a.  Tbs  lava  of  resistance, 

■ 

To t  the  movement,  of  a  partiole  of  duct  under  the  influence  of  007 
arbitrary  power  or  for  tha  resistance  of  a  partlola  bald  fast  during 
a  given  speed,  tba  propar  equations  say  ba  appllad,  lor  tha  raalatanoa 
W  (kg.)  of  a  body,  facing  tha  ourrant  with  lto  surface  I  (a  >)  w  have 
tha  agnations 

W  -  oq?.  (1) 

Tha  pr assure  of  tha  dust  la  in  thla  aquatlca  4  (kg/a8)  and  raproaozrts 
a  funotion  of  tha  apaad  of  tha  eurran t  v  (a /a)  and  of  tha  apaolflo 
gravity  t' gamma  (kg/mS)  of  tha  air  oarrlor  with  an  aoaalaratioa  of 

0 

gravity. 

g-  9,81  m/seo8 

v  £jC 

Sg 

Tha  tranbar  of  raalatanca  a  which  baa  no  dimension  and  depends  upon 
tha  apaad,  tha  viaooalty  of  tha  air  (Oasslhlgkaitt)  and  tha  dimension  of 
tha  dost  partlola  0  baa  always  tha  sama  value  for  similar  currents,  a 
similarity  of  currents  is  present  if  tha  Beynold'a  figura  E  has  tha  aama 
valua.  Tor  this  raason,  0  is  proparly  appllad,  dapanding  upon  S  according 


(5) 


to  tha  aquation  S  «*  -Zi-  ,  In  thla  aquation  A  (a)  signifies  any 
characteristic  measurement  of  the  body  of  resistance;  for  example, 
diameter  or  length  sad  ▼  (m*/s)  the  klnstld  viscosity  tf  air, 

Tha  figura  a  of  resistance  is  sufficiently  known  for  a  large  number 
of  forms  of  bodies  and  for  a  wide  area  of  B,  thus  for  example,  for 
bullets  by  tha  taata  made  by  Allan,  ftohmiedal,  Uebetar  and  by  tba  values  j 


■SC 


8- 


fooL^  is  0&tt Ingas.  There  la  alto  a  amber  of  valuta  available  tor 
ilroular  flat  llui,  Basely  those  of  Sohsldel  tad  of  the  Xxperixental 
XuHliudo  of  Gottingen,  Tif  valuta  knows  for  ether  font  of  bodies, 
loawTtv ,  lit  la  a  mala  of  K,  which  la  out  of  the  question  for  the 
t  aoveaent  of  dual. 

Contrary  fa  other  applications,  whereby  2  la  vary  large,  valuta 
of  2  ora  aoaaid trad  for  tha  aoveaent  of  duat  which  art  — it*  Tty  thus 
10  and  frequently  oona  Id  trebly  nailer  oa  account  of  tha  also  of  tha 
duat  particles.  A  relatively  equal  re  Utica  way  ha  assuned  for  thle 
reals  without  a  great  error,  thua,  tha  value  for  bullete  terra aponda 
to  e  -  .  (4) 

a 

Thi*  f crania  it  knows  In  tha  taehalque  of  daat  is  s  different 
saasisg  them  tha  fttokaa*  law,  hy  which  tha  veloelty  of  gravitation  la,  * 
aaleulated. 

Later  as  external  ©n  ha  a  hats  indleated  hy  Qseen;  sanely 

0  •  £L  ♦  4.1  (5) 

Stokaa*  law,  however,  la  tha  haae  of  the  following  oaloulatlona  aa 

\  • 

it  la  Buffielextly  exaet,  leading  to  ralatlvaly  alaple  equation©  of  nove- 
nauta. 

e  • 

h.  Derivation  of  tho  equations  of  sovesanta  and 
application  of  analogical  saehasiaa, 

* 

▼artloal  Invasion  into  an  equidistant  area  of  ourrenta.  Let  ut  look 
at  first  an  arte  of  eurrent  with  aquidiatant  and  straight  ourrest  lisas 

e  « 

and  with  tha  veloalty  of  wA  aoeording  to  fig.  t.  At  the  starting  point 
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of  the  ooordlnataa  a  dost  grunulr  of  spherical  ahapa  and  a  diameter 
df  4  la  ahot  Into  thla  araa  at  the  velocity  of  v0  and  at  tha  time  of 
t  •■  0«  By  tha  veloolty  «e  a  deflootion  and  aooalaration  of  tha  dost 
partlola  taka  a  plaoa  la  tha  dir  action  of  tha  positive  y-asla|  while 
tha  raalataaea  of  tha  air  ratarda  tha  zovenent  in  tha  dixertion  of  x. 

Undap  thaaa  two  Influences,  thara  la  a  continuously  arohad  ooura#  for 
tha  duct  partial#,  Tha  movement o  la  tha  blraotion  of  tha  tua  axaa 
ny  ba  aoaaldarad  flrat  Individually  and  than  overlapping  ona  another, 
for  tha  direction  of  x  the  formula  -air  a  v  At  nay  ha  applied,  (A) 

In  thfta  formula,  a  ataada  for  tha  maaa  of  tha  dnat  partlala  and  W  for 
tha  air  raalatanea, 

fro*  equation#  (1),  (8),  (8)  and  (4)  wa  Obtain  V  •  av  (7) 

wharaby  a  »  6  r  rr  j  (8) 

Zn  this  formula  r  (a)  lathe  radio*  of  tha  ball  and  p  (kg  •/#*) 
tha  wlaeoalty  of  tha  air  or  duat  aarrler,  After  ona  Integration, 
tha  component#  of  waloolty  in  tha  dlraatloa  of  x  nr*  obtained 

rx  -  T0e-TT*  (9) 

Aoeordlngly,  a  Aaeraaaa  in  tha  veloolty  from  tha  original  value 
v0  toaarda  naro  taka*  plaoa. 

In  order  to  ascertain  tha  course  In  tha  dlrsatlon  of  z  a*  a 

function  of  tha  tlaa  under  tha  prevailing  conditions  of  limitation  another 

integration  ia  required!  m  n 

"a* 

or  z  -  JL 

a 


T0  -  •"  +  V  (10) 

(t0  -  rx) 

\ 


(10ar) 


The  Tidu«  for  the  limit  of  x  may  be  oaleuleted  from  this  end  whloh 

for  t  ■  oo  or  vx  -  0  toq  «  m  T  (il) 

a  0 

At  the  initial  epeed  v0  of  the  vertical  inveeion,  the  duet 

s 

particle  proceeds  In  the  direction  of  z  for  the  moot  clout  thle  distances 
because  the  energy  of  invasion  ie  exhausted  by  the  eir  resistance*  The 
value  of  Zoo  the  eelouletione  Inter  end  ney  be  deelgneted  ee  the 

extent  of  deceleration  to  the  elgnlf lection  of  whiehws  eholl  return  to 
report  amrt  in  detail* 

dialler  eonelderetlone  ney  be  employed  alee  for  the  direction  of  y* 

The  duet  particle  entering  ct  the  aero  point  of  the  eyetem  of  coordinates 
le  exposed  at  ones  to  tho  velocity  of  the  eir  w0  by  uhleh  it  le  eooelereted 
up  to  the  cane  veins*  Also  in  thie  ease*  the  formula  ee  in  agnation  (6) 
may  ho  employed,  mhereby,  the  relative  velocity  between  particle  end  sir 
ie  §anolneive,  *  *  a  (w0  •  Tf) 

The  differential  eguetlou  for  tho  aovenent  reads  thereforet 


m  -  JL.i.% 


The  integration  shove  the  velocity  vy  in  the  direction  ef  the 

ordinates*  f  •>  *-  *  )  # 

vy-w0Vl-,a^;  ' 

This  equation  mesne  that  after- the-iavnslcn/of' the  perticle)an 
eooeleretion^ekee  pleet  in  the  dlreotion  of  y  ,  whioh  eooeleretion  leete 


nntU  rf  -  w0.  Theoretically  thie  will  take  place  after  e  considerably 
long  time |  practically,  however,  in  e  relatively  ehert  time* 


%\  it 

Another  integration  prodnoes  the  sal  nr  a  of  j  depending  -up©*-  tho 


time  it 


Tith  the  aforesaid  eqnaticrns,  th«  position  and  the  relooity  of 
the dust  partiola  may  he  asoertolnad  for  eaoh  tlaa  period.  Tha  absolute 
spaad  la  &tSiad  by  tha  gaomatrla  addition  of  tha  two  component  a  ^*<b. 


T-  - 


'▼*#  ♦  ▼** 


Aft *7  tha  1 at reduction  of  tho  extant  of  daaalaratloa  (Iramawag),  tha 


coordinates  x  and  T  arai 


*  *  *•»  4  *  •"  "*  *) 

r  -  Too  (t»*  (i"**  *1)J 


In  taahnlaal  problems  of  tha  movement  of  dust  la-araaa-of  aurrenta, 

►tu.  AwkC*.  u.~ix£  •*«■**£  (Utt+M+S*  ^r*~- 

■\\  raraly  happens  aa  lndlcatad  In  fig.  *.  The  formulae  therefore  aall 

/■  ^  A 

far  a  generallaat  ion. 

Oanarallaatlon  of  tha  fundamental  equations.  Tha  area  of  tha  eurrant 

with  tha  spaad  of  w0  la  assumed  to  bs  again  equidistant  and  straight 

*  • 

fig.  3.  tha  Inollna  of  tha  llnas  of  tha  anrrant  to  tha  axia^*  oarraaponda 
to  tha  angla  |  whereas.  tha  dust  partiola  invades  at  an  angle  at 
inollna  with  veloelty  v0  at  tha  starting  point  of  tha  soordlaatss.  After 
a  f nr  ^wMw^ttaSt  aalanlationa,  tha  equations  of  tho-movamant  for  tfca 
veloolty  and  dlraation  dapani1lag  4ipftn.tha.  time  t  ora  aa  foUowai 


(19) 


V0  90S  Qf 


•o %/3  a 


-i  » 


ip  *  ’«  •*»  T  6-  *  •  “  /  ♦  *»  i**i  1  (so) 

$  m  \  »©  *0*  9r  *  •  £  *  •"  *  y]*  ir0  (zl1 

^  "T  aia  |§-  t  •  (l-«r  *  $]♦  «Jy0  *lJkf(l-»"  ^9  (22) 

Tha  ahaolut*  final  ralooity  it  in  this  mun 


Y.  -  \It» 


furiharnara,  ilia  inollna  of  th*  ooura*  of  tho  dart  partiol*  toward* 


th*  £  axia  la  tg/d  •  -I£ 


►*%4"  tjf  / 


Tha  afar* said  *qo*.tion5P*ralt  a  ^Sfora/oaloulation  of  tho 
ooaraaa  of  dost  partial**  is  giYon  araa»4*  aarranta  andar  tha  prawaptloa 
of  auffiolontly  avail  latamittant-  apaaaa  for  wfclah  tha  ourrant  **••  to  ha 
aonaidarad  analtarahla  and  parallal. 

Cartain  praauvptlona  hira  to  ha  aada  in  thaao  aalanlatioaa  with 
rogard  to  tha  dnat  partial*,  it*  dlamottr,  it*  apaaifi*  gravity  |  and  alao 
to  tha  valoaity  of  tha  air  anrraat  anA  it*  vlaaoalty,  ^anaal^fr  Thaao 
faotora  of  infloanea  art  aontainad,  howarar,  partially  in  tha -aortas** 

of  daaalaration,  ao  that  tha  lattsr  aa  a  eharaotarlatia  tain*  4a  fitting 

-  /< 

into  forthar  aalenlatlena, 

Tha  axtant  of  daoalaration  (Br*n*w*g).  Tha  aonoaptixo-daiaralontion 

ia  glvon -alraadjt  hy  tha  agnation  11,  If  tha  am**  of  tha  halli^sd  tha  indox 

»  1 

of  tha  logarithm  a  of  8tdk***  lav  ora  plaatd  aaocrdiag  to  aquation  8, 
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»  V.H  V*  - 


It  follow*  that  with  tho  opooiflo  wolght  of  tho  dust  Ykl  (kg/»s) 

a  „  r8  Yet 
4.5g^ 


(25) 


Tho  feotor  B  la  according. to  equation  11,  tha  specific  extant 
of  deceleration  x'M  ,  with  rafaranoa  to  tha  velocity  v  ■  1  a/a. 

Assuming  as  air  temperature  of  20°  0.  and  a  apaolfio  weight  of 

1000  kg. /a®  for  tha  dust  hall,  tha  apaolfio  extent  of  deceleration 

•  • 

x'qq  la  represented  la  fig,  4  dapaadlag  upon  tha  disaster  of  tha  hall. 

The  velocity  of  falling  uadar  tha  influence  of  tha  foraa  of  gravity 
la  a  apaea  fraa  froa  all  eurrent  nay  ha  pot  aa  a  aharaotarlatlo  vain* 
for  tha  duat  partial*  oa  lta  vqr  to  tha  extant  of  daoalaratloa  or  to 
tha  apaolfio  extant  of  daoalaratloa  In  proportion.  Aooording  to 
Stokaa*  lav,  tha  velocity  of  daaoaad  (falling)  vB* 

▼a  -  «  (£6) 

Tha  extant  of  daoalaratlon  consequently  la  x^  *  !2  (£7) 

In  oonaaotloa  with  thla,  it  ihould  ho  noted  that  the  velocity  of 
falling  should  h*  rafarrad  of  course  to  thoaa  values,  of  which  It  la 
the  question  In  a  reload  problem;  la  other  words,  to  a  definite  wlsooslty 
of  tha  air,  ato.  Tf  experlaental  valnaa  with  regard  to  the  velocity  of 
falling  aod  values  of  oaloolatloa  do  not  agraa,  a  ro< calculation 
aooording  to  aquation  £8  has  to  h*  aada, 

for  a  demonstration  of  the  forvulae  dadnoad  for  tha  vartloal 
Invasion  tha  existing  valooltlas  and  coordinates  of  tha  loealltf  of  a 
spherical  granola  of  dost  of  80  p  disaster  ar*  ealoulatedftr  tha  values 
given  depending  upon  tha  tins  and  are  indicated  la  fig.  8,  Zt  Is  seen 
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that  Tj  daeraaaas  vary  rapidly  towards  tho  0  Tal.ua,  uhsrsas,  tha  Vy 
t  *oaohss  tha  ralu*  w0,  Tha  relating  raluss  of  x  and  y  ara  lnoludad 
lu  la  diagrenj  tha  progression  la  tha  dlraotloa  of  x  osntrlfugss 
to  tha  valua  of  Ualtatloa  xoo  ••  TT  la, 

la  ordar  to  show  tha  lnfluanoa  of  tha  dlaaatar  of  tha  dost  ball 
upon  tha  ootzraa  of  tha  duat,  tha  raapaotlra  aouraaa  of  tha  dost  ara 

a 

ladleatad  la  £lg.  6,  taodar  tha  aaaa  condition#,  bat  for  tha  dlanatara 
of  40,90  and  60  p  of  tha  daat  balls,  Tha  starting  avonta  taka  plaoa 
aoro  rapidly  la  partlolas  of  saallar  diameters,  Tha  diagram  also 
Shows  dlstlnotly  tha  Taluas  of  tha  axtaat  of  daoalsratloa  and  tha 
appreaoh  of  tha  dust  ooursas  to  tha  lattar, 

Conoaptlva  datamlnatlon  of  tha  relative  dagraa  of  dust  allnlnrtlon. 

Tha  diagram  la  fig,  f  Shows  tha  air  omrrente  on  tha  windward  alda  far 

a  oyllmdar  of  ad  -  dlaaatar,  furtharmora,  tha  dnat  ourranta  far  a  given 

•  • 

dust  partial#  of  ball  abapa  and  an  assuwad  apao.  gravity,  ato.  It  la 
assn  that  only  a  part  of  tha  arriving  dnat  partlolaa  ara  hitting  tha 
oyllmdar,  vharaas,  tha  othar  taka  thalr  eotxraa  on  tha  alda*  of  tha 
oyllndar,  Tha  eoursa  of  tha  partlolaa,  vhloh  hit  tha  eyllndar  just 
tangentially  ara  daalgnatad  as  bordar  oouraaa.  Tha  dlatanoa  of  thaaa 
bordar  aouraaa  t  from  ona  anotbar  at  a  auffloiant  dlatanoa  from  tha 
oyllndar,  whara  thay  ara  at  ill  parallal  to  ona  an  othar,  and  dlvldad  by 
tha  dlamatar  of  tho  oyllndar,  show#  tha  ralatlvo  dagraa  of  dnat  allmlnatlon 

**  a  -  J  (28) 

Tha  dapaadanoa  of  o  upon  tha  various  lnflnaaalng  faatora  bill  ba 
lnvaatigatad  aoaawhat  mo re  In  dot  all  la  tha  subaecoent  ahaptar. 


Consideration  of  analogy.  The  extant  of  deceleration  contains 
already  all  independent  ohanges,  except  the  extension  of  the  profile 
to  be  InTcatigatefl,  It  ie  obvious,  therefore,  to  determine  the  index 
of  a  logarithm  without  dimension  In  euah  a  way  that  the  ohareoteristio 
size  of  an  arbitrary  profile  is  placed  in  proportion  to  it,  ae  for 
example,  the  disaster  of  an  unusually  lone  cylinder,  the  width  of  a 
plate,  the  size  of  the  opening  In  a  oatohlng  apparatus,  eto. 

Accordingly,  we  have  for  the  f omnia:  *  £22.  (ft) 

« 

By  a  simple  deliberation  it  ray  be  ascertained  that  for  a  given 
profile  the  degree  of  dust  elimination  depends  only  upon  this  index, 

'Tor  example,  for  two  unusually  long  cylinders  of  the  dl matter  dj_  and 
dg  whioh  are  present  In  areas  of  currents  of  the  Telocity  of  w^  and 
w02  the  defleotlon  of  the  dust  particles  be  determined  with  the  Basset 
and  ag  perpendicular  to  the  direction  of  the  current.  Tar  the  first 
cylinder  we  tavei 

Z~  *2*1«o.xi  fs*x  -  (•  ^ 11  -j)J*  '  x-i)  t*» 

*  oo^ 

Accordingly  we  have  for  the  second  cylinder  the  same  formula  but  with 
the  indices  two,  A  similarity  may  be  expected,  if  tbs  following  conditions 
are  fulfilled: 

uxHm  mg**1^1  »/?l  */0t  ^ 

Besides  the  line*  of  the  current  haTc  to  here  a  similar  course 
for  both  cylinders,  which  1*  correct  on  the  windward  side  for  the 
potential  current. 


After  further  calculation*  we  find  that  the  only  condition  for 
the  .rial laxity  of  tha  Co  areas  of  the  dost  particles  the  relations  for 
*oo  *****  *o  %«  equal,  la  other  words,  the  Index  of  the  logarithm 
determined  according  to  the  elation  (89)  must  he  the  seas, 

Zf  the  independence  of  the  currents  from  the  velocity  Is  no  more 
Indicated,  as  far  exenple,  when  the  currents  on  the  lee  side  have  to 
be  taken  into  Consideration  then  there  is  a  limiting  factor  present, 
which  requires  that  the  Reynold* a  figure,  as  referred  to  the  profile, 
equals  the  formula  i 

»oi*l  •  »o8*8  (a 

the  index  of  the  logarithm  a)  is  connected  also  with  the  velocity  • 
of  failing,  exactly  as  the  extent  of  deceleration,  XU  its  moat  general 
form  it  may  be  written  as  follows  ,,, 

JGT  .  cs* 

After  the  foregoing  reflections  it  suffices  to  find  out  the  dependence 
of  the  relative  degree  of  dost  ellsinati  u  aa  per  formula  (88)  from  the 
index  of  the  logarithm  according  to  foxmnla  (88)  for  the  deposition  of 
dost  oa  tho  windward  side. 


0,  Investigation  on  the  deposition  of 


1,  Selection  of  forme. 


en  three  forme  of  bodies 


The  curvature  in  opposition  to  the  dlreotion  of  the  current  has 
been  the  principal  point  of  view  in  our  present  investigation.  The 
following  three  forms  of  bodies  have  been  Investigated  Individually, 
namely t  a  circular  cylinder  of  100  an,  diameter,  a  transversal ly  plaotd 
plate  of  even  thickness  (fig,  8)  and  a  catch-apparatus  (fig,  9), 

Tha  pictures  of  the  currents,  ea  per  fig,  10  to  18  have  been  taken  of 

•  »  • 

these  forme  with  the  apparatus  (fig,  1), 


y?!w*  *  '5pw-*i  b- 


8«  Psrttaraamos  of  calculations. 

The  pictures  of  tbo  eurrente  ore  used  first  for  tbs  determination 

of  lino*  of  tbs  ass*  relcolty  and  of  tho  cam*  lnolin*  of  the  currents. 

* 

(JTlgc,  18  to  18)*  In  erdor  to  obtain  a  satisfactory  accuracy  it  lc 
necessary  to  toko  as  snail  as  poss&bls  tbo  existing  latsmsdlaa  spaces 
for  tbs  Individual  calculation  of  tbs  eonrsss  of  tbs  dust.  It  baa 
bssa  found  to  bs  mors  suitable  to  equalise  tbs  tins  inter sals,  bsoauss 
tbs  expressions  la  parenthesis  in  tbs  agnation#  of  notion  bars  tbsa 
tbs  sans  value.  Arbitrary  courses  are  calculated  tbs  first  for  eaoh 
fora  of  body,  in  order  to  obtain  from  thorn  tbs  inclusion  of  tbs  oourses 
of  limitation  are  represented  in  this  way  la  tbs  fora  of  points  for 
different  logarithms. 

4.  Extension  of  tbs  rssults  to  ourrsnts  of  thras  dlaenalona. 

lbs  oouras  of  tbs  area  of  the  c torrent  for  tbs  potential  current  Is 
suff lelently  well  known  in  connection  with  tbs  ball  formation,  thus, 
tbs  relative  degree  of  tbs  elimination  of  dust  may  ba  determined  in 
the  acme  way  In  dependence  on  tbs  index  of  tbs  logarithm  as  shown  in 
fig.  19.  Tbs  currant  and  tbs  calculation  of  tbsoourss#  of  tba  dust 
baa  boon  serried  out  in  a  plain  which  oclnoided  with  tbs  principal 
direction  of  tbs  aurrent.  In  this  eonneotlon  tbs  relative  degree  of 
tbs  elimination  of  duet  results  in  e  • 

4 

The  degrees  of  tbs  elimination  of  dust  are,  of  course,  lower  then  in 
connection  sitb  tbs  cylinder.  If  it  is  assumed  that  in  tba  area  of  tbs 
current  of  a  disk  In  relation  to  that  of  an  equally  thick  plate  (fig.  to) 
the  seme  similarity  exists  as  between  the  areas  of  tbs  current  of  m  ball  - 


*ad  of  a  oylindtr  (fig*  19)  a  clecar  Indication  aa  to  tba  rslatlwa 
dagraa  of  duat-al ini  nation  la  shown  In  oonnsotlea  with  a  Also  and  a 

oatobing  cylinder,  (fig*  SI)*  Za  this  aonaaotion  tba  eatehing 

s 

cylinder  la  to  ba  iaaglaad  la  aacb  a  way  that  tba  tranrraraal  cut 
according  to  fig*  9  baa  faraad  tba  body,  rarolring  aroaad  aa  axis 
la  tba  diraatloa  of  tba  anrrant*  ' 


